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Umticn  do  A-opdiachl  'Monstername  on  ulcinilicatie  van  chcmische  strijdmiddolcn" 
i.\*>2  Kl.  424i  is  hoi  opnemcn  van  spooira  voor  icfcicmiedoeleinden  siiuls  hot  boo  in  van  do 
opdracltt  oo n  bolanorijk  aainlachlspnni  uowoosi.  De/c  spectra  wnrdon  opgcnomon  in  hot 
NATO  SICA  Aid*- Id  handbook  in  do  vorm  van  oon  atlas  on  iliotlaal  in  do  NATO  SICA 
vlatabaso.  Do  Ivlangnikstc  todcn  voor  hot  aanleggen  van  do/o  vei/ameling  van  spooira  is  dat 
daarmoo  oon  ohomisoh  stnjdmiddcl  of  oon  vorwanto  verbmding  (oniledingsprodukt.  uitgangsstol 
oi>  derecliike)  siiol  ooklontitiooord  kan  vvordon.  Do  ervaring  loon  dal  do  idontifioatio  van  oon 
onbokoniio  vorhindmg.  /oil's  als  do/o  vorvvanlsohap  vorloont  mot  bokomlo  vcrbindingcn.  rolaliol' 

VOOI  (I  |vl  kilst. 

Do  opbomv  van  oon  vei/ainol;ni!  referent  iespectra  is  ovonoons  voor  do  A -opdraoht 
■Waponhohootsino"  i.\‘>4  D  402)  van  helang.  Do  laatsto  jarcn  \ melt  stoods  moor  do  gcduchtc 
torroin  ilat  adotpialo  verificatic  vail  oon  vorbod  op  ohomisoho  vvapons  a  I  loon  kan  plaatsv  indon 
door  spootromotrisoho  analvse.  hij  vooikeur  mol  do  combinatie  gaschromatografio-massa- 
spootromotno  t(iC-MS).  van  tor  plokko  genomen  monsters.  Do  lijst-I  vcrbindingcn  vvelke 
oonoomd  wordon  in  hot  Chemisch  Wapon  Vcrdrag  /ijn  social  homologc  rock  sen.  /oals  do  alkyl 
on  ovi  loalkvl  hiotliv lloslonlluondaton  (alkyl  oyoloalkv  I  *•  CIO).  Sommigc  van  do/o  vcrbindingcn 
/i|ii  botor  Ivkoinl  omloi  him  trivialc  naam  /oals  sarin  Kill).  soman  KID)  on  cyclohoxylsarin 
l(il-).  /.oals  mt  do  laatsto  naamgeving  hli  jkt.  vvordt  do  naam  sarin  tovons  als  stamnaam  gebruikt 
v  oor  andere  homologcn. 

In  monsters  geanalv soord  ti  jdons  do  inspectics  door  do  Vcrenigde  Nalios  (IJNSCOM)  in  1991  in 
Irak,  vvordon  naast  do  hokondo  ohcmisoho  strijdmiddolon  sarin  on  cyclohoxylsarin  andere  sarinen 
gevonden.  Mode  op  croud  van  de/c  vomlst  word  hesloten  van  do  sarin  familic  elcctmncn 
ionisalie  (1:1)  massaspectra  to  verzaiiielen  van  /ovcol  mogolijk  vcrbindingcn  on  ilo/.e  op  to  nemen 
m  do  databases  van  hot  TNO  Prins  Maurits  Laboralorium  (TNO-PML).  Aangozien  syntheso  van 
ilo  sarin  homologcn  tijil-  on  gcldrovond  is,  vvordon  do  slolTcn  in  situ  gemaakt  door  hot  niengen 
van  oon  alcohol  met  do  uitgangsstof  methylfosfondilluoride  gevolgd  door  GC-MS  analyse  van 
hot  reactiemengsel.  Do  geko/en  alcoholen  vvordon  hoperki  tot  primaire  on  secondaire  alcoholcn, 
die  hovendien  rolaliol  goodkoop  waren.  Op  do/o  manior  vvordon  ongeveer  60  massaspectra 
opgcnomon.  Door  boslutloring  van  do  Iragmentaticpatronen  uit  do  verkregon  massaspectra 
vvordon  enkolo  algcmono  rogols  afgcleid.  Do/o  kunnon  mogolijk  dicnon  voor  ile  identificatie  van 
die  sarin  homologon,  vvaarvan  goon  massaspectra  vvordon  opgcnomon. 

Do  uilgovoordc  studio  heeft  oon  grote  hoevcclheid  m  lor  malic  opgeleverd,  vvelke  hot  mogolijk 
maakt  alkyl/cycloalky!  sarinen  snel  te  kunnon  idcntificoren  indien  de/.o  zoudon  voorkomon  in  to 
analyscron  monsters. 
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[)c  verkregen  massaspectra  werden  opgenomen  in  de  NA  TO  SICA  database  en  tevens  ter 
beschikking  gesteld  aan  de  OPCW  ("Organisation  for  the  Prohibition  of  Chemical  Weapons")  als 
onderdeel  van  het  Nederlandse  bod.  waarm  toegang  tot  de  databases  met  chromatograllsehe  en 
speelrometrische  gegevens  van  het  TNO-PML  word  toege/egd. 
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1  INTRODUCTION 


The  Schedule- 1  list  oh  the  Chemical  Weapon  Convention  (CWC)  contains  homologue  series  of 
alkyl  and  cycloalkyl  methylphosphonolluoridates  (alkyl  cycloalkyl  £  CIO)  (I  j.  Some  ot  these 
compounds  are  well-known  chemical  warfare  (CW)  agents  such  as  sarin  (alkyl  :  isopropyl)  and 
soman  (alkyl  :  1 .2.2-irimethylpropyl).  The  triv  ial  name  sarin  is  sometimes  used  as  the  reference 
compound  name,  i.e.  cyclohexyl  satin  instead  of  cyclohexyl  methylphosphonofluoridate.  All 
compounds  are  commonly  named  G-agents. 

The  second  Round  Robin  international  verification  exercise  carried  out  in  1990  [2j.  anil  also  the 
analysis  of  Iraqi  samples  during  the  United  Nations  (UNSCOM)  inspections  in  1991.  made  it 
clear  that  there  are  other  G-agents  than  the  ones  incorporated  in  the  NATO  SICA  AEP-10 
Handbook  [3|.  In  the  second  Round  Robin  exercise,  octyl  methylphosphonofluoridate  (octyl 
sarin)  isomers  were  used  as  examples  of  unknown  G-agents,  In  the  samples  taken  at  Muthanna 
(Iraq),  compounds  such  as  secondary  and  n-butyl  sarin  were  found. 

In  order  to  perform  a  rapid  identification  of  these  compounds,  data  have  to  be  gathered  of  as 
many  homologues  as  possible.  Ideally,  this  may  be  done  by  preparing  a  large  number  of  sarin 
homologues,  followed  by  the  recording  of  the  spectral  data.  As  this  would  be  a  long  and  costly 
programme,  an  alternative  was  developed.  By  mixing  an  alcohol  with  the  precursor  methylphos- 
phonodifluoride  in  methy  lene  chloride,  some  conversion  to  a  corresponding  sarin  will  take  place. 
Mass  spectra  of  the  sarin  homologues  can  easily  be  obtained  after  analysing  this  mixture  by  gas 
chromatography-mass  spectrometry  (GC-MS). 

In  a  search  of  the  availability  of  aliphatic  and  cyclic  alcohols,  over  300  were  identified,  which 
could  be  purchased  as  fine  chemicals  (4).  The  alcohols  chosen  for  this  study  were  restricted  to 
primary  and  secondary  alcohols  as  well  as  to  relatively  inexpensive  ones.  Tertiary  alcohols  react 
rather  slowly.  Furthermore,  it  is  unlikely  that  a  G-agent  will  be  produced  for  a  chemical  weapon 
system  starting  from  expensive  alcohol. 

in  this  report,  the  electron  impact  (El)  mass  spectra  of  the  G-agents  prepared  with  the  selected 
alcohols  are  presented  and  discussed. 


<; 


2  i:\l’l  KIMI  N  i  \I.  I’AK  l 

Appioxmutelv  inti  me  hi  metliy IphoNpiioinuhlliioi nle  was  dissolved  in  2  ml  of'  methylene 
clilii!  ide  l'!o;n  dm.  Milution.  0.2  ml  was  tiansfetred  u»  a  septum  capped  vial  (4  ml)  and  I  pi  of  an 
alcohol  w.is  added  to  n  i  see  Annex  A.  purchased  from  Aldrich  or  ICNl.  The  solution  was 
allowed  to  staiiil  lor  at  least  5n  minutes  at  room  temperature.  Before  the  (iC’-MS  analysis,  the 
ahition  was  diluted  Kl.times  w ilh  mclliv lene  chloride. 

0.5  pi  ot  the  leaetioi.  mixture  was  miected  onto  a  fused  silica  capillary  column  (50  m  x  0.5  mm 
II).  ill  0.25  pm)  coaled  with  CPSil5CB  or  CPSilSCB  (Cluonipack).  by  means  of  a  Cat!»-[irba 
on-column  injector  installed  on  an  HP  5  MOO  A  gas  chromatograph.  Flic  column  was  directly 
connected  to  the  ion  source  of  a  VG70-250S  (Pisons  Instruments)  double  focusing  magnetic 

•  ector  mass  spectrometei.  The  lemperaiuie  of  the  interface  was  250  C.  The  helium  How  rate  w  as 
around  1.5  ml  min.  Generally,  the  following  temperature  programme  was  used  40  C  C  l  min). 
5  (  '  nun  lo  2 SO  C  ( 5  nun). 

I'lie  following  soukc  cond.  lions  (typical  for  1:1  ionisation)  were  chosen: 

■  ionisation  energy  70  eV: 

•  emission  current  200  pA. 

•  tempeiattire  :  700  C: 

•  \  actium  5  x  10*  mhar. 

Mass  spectra  were  lecorded  under  low  resolution  conditions  (resolving  power  around  1000.  I  OH 
valley  )  using  continuous  scanning  oxer  the  mass  ranee  in  /  25  500  every  second. 

Both  the  mass  scale  and  the  relatively  intensity  (!<l)  scale  wye  regularly  checked  as  part  of  The 
m  iss  spectrometei  quality  control  programme.  Mass  scale  calibration  was  performed  with 
perlluorokerosene  tPI-'K).  and  decafluorotriphenylphosphine  (DI-TPP)  was  used  lor  checking  the 
Kl-scale  according  to  the  criteria  proposed  by  Donnelly  et  al  |5|. 

Generally,  mass  spectra  were  selected  at  the  right  side  of  the  slightly  tailing  GC-peaks,  giving  a 
lather  constant  ion  current  during  the  scan.  I  he  mass  spectral  background  ions  arising  from  air 
and  column  bleed  were  removed  by  background  subtraction.  Spectra  were  stored  in  the  TNO 
Pirns  Mamits  Laboratory  (PML)  mass  spectral  library  (PMLI.IB),  which  resides  on  the 
VGI I-250J  data  system  of  the  mass  spectrometer.  They  were  also  transferred  to  a  PC  according 
to  the  procedure  previous  described  |6|. 
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3  RKSl  1  I  S  AM)  DISCI  SSIOS 


3. 1  Recording  of  mass  spectra 

As  an  example,  the  result  of  a  GC-MS  analysis  of  the  reaction  mixture  obtained  after  mixing  n- 
hulanol  with  methylphosphonodifluoride  is  presented  in  Figure  I.  Tile  very  volatile  precursor 
meihylpliosphonodifluoride  co-elutes  with  the  solvent  methylene  chloride.  The  conversion  was 
rather  small  as  can  be  deduced  from  the  ratio  between  the  alcohol  peak  and  that  of  the  corres¬ 
ponding  sarin.  Despite  this  low  conversion,  good  quality  mass  spectra  of  the  sarin  honiologues 
could  generally  be  obtained  (see  for  example  Figure  2).  Attempts  to  produce  sarin  honiologues 
from  tertiary  alcohols  as  well  in  this  way  were  unsuccessful  due  to  the  very  low  conversion. 
Multiple  GC-peaks  may  be  observed  due  to  the  presence  of  stereoisomers.  A  good  example  of 
such  a  splitting  was  obtained  for  1 .2-dimethylbutyl  sarin,  which  contains  three  chiral  centres.  No 
differences  were  noticed  in  the  F.l  mass  spectra  of  the  stereoisomers  of  the  compounds  analysed. 
All  alcohols  used  during  this  study  are  compiled  in  Annex  A.  whereas  the  recorded  FI  mass 
spectra  of  the  sarin  honiologues  are  presented  in  Annex  B  (Tables  1-7).  The  abbreviations  of  the 
alkyl  chains  are  added  to  the  tables.  Mass  spectra  of  the  know  n  CW  agents  sarin  ( 1  MF'ti.  soman 
1 122'TMPr)  and  cyclohexyl  sarin  (C6>  have  been  included  for  comparison  as  well. 


1  :  n-butanol 

2  :  n-butyl  sarin 

Figure  I  Resulting  gas  chromatogram  obtained  after  analysing  the  reaction  mixture  between 
methylphosphonodifluoride  and  n-butanol  in  methylene  chloride 
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I  n ■lire  2  Resulting  mass  spectrum  \ann  f.UH  12-4) 

3.2  Mass  spectral  fragmentation 

Because  methyl  sarin  (MW  I  12)  cannot  lose  an  alkenealkenyl  group,  it  is  to  he  expected  that  its 
mass  spectrum  (see  Annex  B,  Table  I )  is  different  from  the  other  alkyl  sarins.  A  loss  of  formal¬ 
dehyde  from  the  molecular  ion  leads  to  the  base  peak  at  m/z  82  with  the  elemental  composition 
CH4OPF.  Methyl  sarin  is  the  only  compound  which  produces  a  molecular  ion.  All  other 
compounds  analysed,  even  ethyl  sarin,  did  not  produce  a  molecular  ion.  Consequently,  full 
characterization  of  the  sarin  homologues  by  chemical  ionization  has  to  be  carried  out  as  well,  in 
case  they  are  found  in  real  samples.  This  can  either  be  carried  out  under  positive  ion  conditions 
leading  to  protonated  molecular  ions  ([M  +  Hj+  )  or  under  negative  ion  conditions  resulting  in  a 
loss  of  a  proton  ( [ M  -  HJ  ). 

Fragmentation  ot  the  sarin  homologues  is  rather  straightforward  and  has  been  described 
previously  for  sarin  and  soman  [7.  8).  All  compounds  analysed  in  this  study  give  rise  to  the 
phosphorus-containing  ion  at  m  z  99  (CH^OsPF).  which  is  either  the  base  peak  or  relatively 
abundant.  This  ion  results  from  the  loss  of  an  aikenyl/cycloalkenyl  group  from  the  molecular  ion 
and  is  very  characteristic  of  mass  spectra  of  sarin  homologues.  In  addition  to  that  particular  ion. 
the  mass  spectra  consist  of  fragments  due  to  the  alkyl/cycloalkyl  moiety  as  well  as  of  other 
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phosphorus-containing  fragments.  (’ntortunatek.  as  the  number  ol  C- atoms  m  the  alkvl  cvclo- 
alkvl  moictx  exceeds  six.  several  ol  these  fragments  have  tire  same  nominal  mass  (Table  1 1.  The 
difference  between  the  exact  masses  of  both  fragments  is  greater  than  70  main  and  max  quite 
easilv  be  measured  using  a  higher  resolving  power  (>  5000.  I()'i  vallex )  of  the  mass 
spectrometer,  liven  under  the  low  resolution  conditions  used,  splitting  ot  the  mass  fragments  is 
normallv  observed.  However,  as  a  common  practice  in  mass  spectrometry.  the  fragments  with  the 
same  nominal  masses  have  been  summed  in  the  low  resolution  mass  spectra  (see  Annex  Hi. 

/’,!/>/<  /  Alkvl  i -\rlt Htlk vl  on<l pht •spfu>ni.\-a>'itiiinint!frat;Hu-iit\  with  the  \am<-  n<wttr<tl  m.tw 


Nominal  mass 

1  xact  mass 

f  lemeiital  composition 

111  /  X  1 

SO. 9906 

(  Hit  >IT 

111  /  S| 

S]  .0704 

m  /  S2 

S !  .99S4 

CH  jt  )f’l 

m  /  x: 

82.07X2 

f  (.11  to 

ill  /  AS 

97  00  •  2 

('H.tO.TI 

111  /  us 

1  IS. !  096 

f  AH  |  j 

Ml  /  09 

OO.00I  1 

<  114  61*1 

111  /  w 

00.  1  |  7  4 

(dlis 

Ill  / 11 1 

i  1  1  .001  | 

CdfsOTM 

111  /  1  1  1 

1  t  1. 11  74 

CsH|x 

m  /  1  1 2 

1  1  2.00X0 

(•jHnOd’l 

m  /  1  1 2 

1 12.1252 

(  sit  k> 

m  i  1  25 

I25.0I6S 

Cdf/OjP 

1117  I  i5 

125.1350 

(  nil |7 

m  i  1  26 

126.0246 

CxHsOd’l 

m  7.  1  26 

126.1409 

(A)H|x 

fH7  1 39 

139.0324 

CjHoOdT 

m/7  1 39 

139.1487 

(|()H  10 

m//  140 

140.0402 

C4H  tuOaPF 

m-z  140 

140.1565 

f'loHro 

The  mass  spectra  of  the  lower  members  of  the  sarin  homologues  are  the  most  informative  for 
considering  the  fragmentation  processes.  When  the  alkyl  and  cycloalkyl  chains  become  longer, 
the  mass  spectra  tend  to  correspond  more  and  more  to  those  of  the  corresponding  alkenes/cyclo- 
alkenes.  This  is  illustrated  in  Figure  3,  where  the  mass  spectra  of  4-t-butylcyclohexyl  sarin  and 


in  i he  '|Vv H  i  ol  i he  n  ilk\  I  s.u in  honn line ues.  phosphoi us  ^oiitaimne  I  tug  mails  .11  in  /  i  M  .  ;  ■  2. 

1  25  .tiki  i  '•>  were  found  When  ’he  alksi  e  hum  becomes  loiieei  >(  these  tiueinents  1\\  ome 

less  abundant  iRi  <  2'<  i  I  he  onls  ditteienees  between  the  spevtru  ol  the  limpet  n  alk>  I  sunn 
bomoioenes  i  ( '  -  ^ ;  are  the  sin  Its  m  the  Fragments  i  inein.il  ids  I  tom  the  al  k  v  1  slum 

Hi  ,i  ik  h  me  i  >!  the  alk\  I  ehain  mas  had  to  si  e  in  tie  anile  hi  eh  mass  fragments  e « 1 1  te  i  due  to  tiie  h  ■-  . 
.«!  .tike!  iM  Clh.  M  e  dls  ele  )  in  alkene  groups.  I  he  loss  ol  an  ulkene  in  pane  ulur  piodtu  e- 
intoniiation  on  the  brunehing  ol  the  alkel  ehain  bn>m  the  rexorded  speeii.i.  a  mmibei  ol  eltai.u 
le  iisik  trugments  eotiid  lx-  derived.  u  hieh  are  presented  in  (  able  2.  W  hen  the  point  o)  bum  liiiie 
ol  the  alkel  ehain  is  lurtliet  aeeae  Irom  the  phosphoiits  atom,  the  :v«.tia  tesemhle  mote  the 
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As  :m  example  of  the  fragmentation  of  a  highly  branched  alkyl  sarin,  the  mass  spectrum  of 
2.2-tlimethylpropyl  sarin  (MW  I6S),  prepared  from  methylphosphonic  dilluoride  and  2.2-di- 
methylpropanol  (neopentyl  alcohol),  is  presented  in  Figure  4.  Due  it)  the  three  methyl  groups 
substituted  at  the  C-2  position,  isobutene  is  lost  from  the  molecular  ion  resulting  in  m/z  1 1 2  as 
the  base  peak.  The  relative  intensity  of  the  characteristic  phosphorus-containing  ion  at  m/z 
W  (CHjOsPF)  is  less  than  4()ri .  Searching  for  this  spectrum  against  the  NATO/SICA  database 
did  not  lead  to  a  match  with  a  CJ-ageni.  This  is  a  good  example  of  the  starting  point  of  this  study, 
demons'rating  that  data  on  the  various  sarin  homologues  are  needed  in  order  to  perform  a  rapid 
identification. 
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I  i '■’me  -I  Mass  spectrum  ol  2 .2-dimcthxlpropxl  sarin  (MW  I6S) 

3.3  Data  transfer 

All  recorded  mass  spectra  were  taken  up  in  theTNO-PMl.  mass  spectral  library  as  well  as  in  the 
NATO  SICA  database.  In  order  to  transfer  the  data  of  the  sarin  homologues  to  other  NATO 
nations,  the  recorded  mass  spectra  were  converted  to  a  PC  in  the  ASCII  format  used  by  the 
NIST  EPA  MSDC  database  [9],  An  example  of  such  a  format  is  presented  in  Table  3.  Each  mass 
spectrum  is  accompanied  by  the  following  general  compound  information:  systematic  and  trivial 
name(s),  CAS  registry  number  (if  available).  Wiswesser  line  notation,  elemental  composition  and 
molecular  weight.  Furthermore,  the  source  of  the  mass  spectrum  as  well  as  the  most  important 
recording  conditions  were  noted.  The  spectra  and  this  general  information  may  be  added  to  the 
NIST/EPA/MSDC  database  under  "user  spectra",  allowing  a  fast  search  of  the  data. 

The  mass  spectra  of  the  sarin  homologues  were  also  transferred  to  the  Organisation  for  the 
Prohibition  of  Chemical  Weapons  (OPCW)  as  part  of  the  Netherlands  bid  to  give  access  to  the 
TNO-PML  chromatographic  and  spectrometric  databases.  The  data  may  be  used  for  the  creation 
of  the  OPCW  analytical  database  [  I0J. 
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ANNEX  A  ALCOHOLS  l  SKI) 


Aliphatic  alcohols 


CHjOH 

OHsOH 

COH7OH 

C4H9OH 


C5H11OH 


(pH  jyOH 


C7H15OH 


C'xH|7OH 


C9HI90H 


CI0H2IOH 


Methanol 
Ethanol 
Propanol  - 1 
Butanol- 1 

Butanol-2  (see  butanol) 

2  Methvlpropanol- 1  (isobutanol) 

Pentanol- 1 
Pentanol-2 
Pentanol-3 

2- Methylbutanol- 1 

3- Methylbutanol- 1 
3-Methylbutanol-2 

2.2- Oimethylpropanol  1  (neopentyl  alcohol) 
Hexanol- 1 

Hexanol-2 
He\anol-3 
2  Methylpentanol-l 

3- Mcthylpcntanol- 1 

4-  Methylpentanol-l 

3- Methylpentanol-2 

4- Methylpentanol-2 
2-Methylpentanol-s 
2-Ethylbutanol- 1 

3.3- Dimcthylbutanol- 1 
Heptanol- 1 
Hcptanol-2 
Heptanol.) 

5- Mcthylhexanol-2 
2-Mcthylhcxanol-3 

2.3- Dimcthylpentanol- 1 

2.2- Dimcthylpentanol-3 

2.4- Dimethvlpentanol-3 
Octanol-I 
Octanol-2 
Oetanol-3 

6- Methylhcptanol-2 

2.2- Dimcthylhexanol-  i 
2-Ethylhcxanol- 1 

2.4.4- Trimcthylpentanol-l 
Nonanol-1 

Nonanol-2 

2.6- Dimethylhcptanol-4 

3.5.5- Trimethylhcxanol-l 
Deeanol-I 

Decanol-2 

Decanol-4 

3.7- Dimethyloctanol-l 
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(  yclic  alcohols 

CsHoOH 

C7H13OH 

ChHksOM 


C  pH  1 7OH 

C'loH  |p()H 


Cyclopcntanol 
Cyclohcptanol 
Cyolohcxyltncthanol 
2-Mcthylcsclohcxanol 
3  -  Moths  Icyo  loho  sanul 
4-Mcthylcydohcxanol 
C'yclooctanol 
2-(Cyclohc\y  helhanoi- 1 

2- Kthylcyclohe.xanol 
4-Hthy  loy  c  lohexanol 
2,2-Dimcihy!cyc!ohe.\anol 
2,6-Dimcthylcyclohcxanol 
3.5-Dinicthylcyclohcxanol 

3- (Cyclohcx\  hpropano!- 1 

24sopropyl-5-nicthylcyclohc\anol  (months !  alcohol) 

4- t-Butyloyolohoxanol 
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Annex  B  Mass  spectral  data 
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1.4 
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- 

- 

- 
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8.6 

19.3 
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- 

- 

- 

21.7 

22.9 

25.4 

1 

1.7 

3.6 

2 

57 

- 

- 

- 

- 

2.9 

5.9 
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0.6 

- 

10 

1 

58 

- 

- 

- 

1.5 

- 

- 

- 

- 

- 

- 

- 
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- 

- 
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- 

- 
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- 

- 
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- 

- 

- 

- 

- 
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- 
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- 
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- 

- 

- 

- 

- 

- 

- 
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2.3 
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- 

- 

- 

- 

- 

- 
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- 

- 

- 

- 

- 

- 

- 
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- 
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Tabic  / 

iconlinuvth 

Alkyl 

Me  El  Pr 

IMEt 

Bu 

MW 

117  126  140 
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rn/z 

XI 

72.2  44.4  22. X 

1 1.4 

IX 
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1.4 
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on 
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KM) 
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III 

2.6  26. 1  22.2 
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1 12 
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124 
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1 52 
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Et 

ethyl 

Pr 

propyl 
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Bu 

butyl 
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2MPr 

2-methylpropyl 

Pe 

pentyl 
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2-methylbutyl 
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2MPr 

Pe 
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1 68 
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table  2 

Mass 

spectral  data  tm 

relate. 

e  intensity)  of  alksl-metlnlphosphonafluariclatcs 

Alkyl 

1  12  Pr 

12 

22 

He 

IMPe 

2MPe 

3  M  Pe 

4MPe 

n:nu 

21-.Hu 

12 

DMI’r 

DMPr 

DMBu 

MW 

lo8 

168 

168 

182 

182 

182 

182 

182 

182 

182 

182 

rn/z 

26 

0.9 

1.9 

1.5 

0.6 

1.7 

0.8 

27 

6.8 

16.4 

8.4 

5.4 

5.X 

1  1.9 

18.3 

3.5 

5.7 

6.3 

1  1.8 

29 

7.4 

13.1 

15.4 

6.4 

5.4 

11.1 

25.7 

2.5 

5.3 

7.7 

16 

30 

- 

1.5 

0.9 

3 1 

- 

1.4 

- 

0.6 

1.1 

37 

0.8 

- 

- 

3.S 

- 

2.1 

16 

0.6 

0.7 

- 

- 

0.9 

39 

6.4 

19.7 

15.9 

5.1 

5.3 

12.7 

16.5 

4.1 

5.2 

6.5 

1  1 .6 

40 

1.1 

2.8 

3.3 

0.7 

1 

2.6 

3.2 

1 

0.8 

i 

1.8 

41 

19.5 

26.2 

25.3 

13.8 

13.8 

24.4 

37.8 

i  8.0 

I4.z 

i  i 

37 

42 

7.4 

13.9 

7.5 

8 

9.4 

15.8 

12.2 

5.5 

6.2 

7.9 

4.7 

43 

S 

26.2 

4.1 

9.6 

8.8 

29.9 

15.4 

10 

6.8 

1 9.9 

17 

44 
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- 

- 

- 

I  22l>MI’i  i  oih\l  2.2  dimotln  ipi«>p>  I 


Ml  2MI’i 


i  moiln  IciIiv  1 1  -  iiKih\  Ipm 


i  llv 
M)MIK 

:dmii\ 
;.n  miv 


1  ii l ! i>  Ihcpis  I 
!  oilnlhcwl 

2  ol In  )bc\>  I 

i  M  -ilmviliN  I  how  I 
'.2  ilimoiliN lliow I 
2.  i.  t  ii  imotln  lponi\  I 
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Alkyl 

No 

1  MOc 

355TMH\ 

2MPr3N1  Bu 

Dc 

1  MNo 

371  )M<  k 

IPrHp 

MW 

224 

224 

224 

224 

23  S 

238 

23X 

23S 

m/z 

100 

2.9 

2.S 

2.9 

2.S 

3.1 

2.3 

2.S 

7 

101 

1 

0.9 

0  9 

0.9 

1 

0.7 

0.9 

0.6 

109 

0.7 

- 

0.7 

1  10 

- 

0.6 

1.2 

0  6 

1.2 

1  1  I 

l.S 

7  2 

2  l.S 

20.1 

6.5 

12.1 

13.7 

1  1.9 

)  1 2 

0.7 

5.6 

2.9 

4.2 

7.4 

9.6 

6.S 

113 

0.9 

124 

- 

0.7 

125 

0.8 

15.5 

1.1 

1.7 

0.7 

13.2 

6.5 

7  7 

126 

5.3 

14.9 

4.9 

5.7 

1.1 

VI 

12 '? 

_ 

1.9 

140 

0.7 

3.X 

17.2 

S 

23.2 

1 .2 

2.6 

141 

152 

- 

0.6 

153 

0.6 

- 

- 

1.1 

13.4 

154 

0.9 

167 

0.7 

1 68 

9.6 

9.1 

- 

169 

0.9 

1 

- 

- 

No  :  nonyl 

IMOc  :  l-methyloctyl 

355TMHx  :  3  5.5-trimethylhexyl 

2MPr3MBu  :  l-(2-methylpropyl)-3-mcihylbutyl 

Dc  :  decyl 

lMNo  :  1-methylnonyl 

37DMOc  :  3,7-dimethyloctyl 

IPrHp  :  1-propylhepiyl 
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I  able  6  Mass  spectral  data  tin:.,  relative  intensity 1  oj  <  yeloalkvl  methvlphosphanafaiorulates 


Alkyl 

CX 

(46 

(56M 

2MC56 

3M<46 

4M(  6 

C7 

(56  lu 

214(56 

413(56 

MW 

166 

ISO 

194 

194 

194 

194 

194 

208 

208 

208 

rrt/z 

5  6 

24 

1.7 

1.4 

l.l 

1.3 

1.3 

’7 

10.4 

4.1 

15 

17.2 

14.7 

5.4 

1  1.9 

1  5.8 

7.7 

7.7 

29 

8.8 

2.5 

16 

16 

13.6 

6.1 

12.1 

17.6 

8.3 

8.4 

51 

2.6 

1.8 

2.3 

2.4 

1.4 

3.1 

0.8 

1.2 

38 

I  .  1 

5.1 

1.3 

1  < 

1.2 

1.3 

0.6 

39 

23.1 

7.6 

22.5 

26.4 

21.9 

1 1 

21.4 

24.3 

9.7 

1  1.4 

40 

9.9 

1.2 

6.6 

6.3 

5.2 

2 

6.4 

4.7 

1  8 

1.8 

41 

23.7 

1  1.6 

33.5 

29.2 

25.6 

12.5 

22.6 

48.2 

19  4 

■>2 

42 

8.3 

1 

5.7 

7.4 

7 

2.6 

7 

5.5 

2.2 

2.1 

43 

2.6 

0.X 

4.4 

3.3 

3.9 

1.1 

2.8 

4.6 

2.1 

3 

47 

4.7 

1 

5.6 

5.4 

5.2 

3.5 

5.7 

4.2 

2.7 

1.6 

48 

0.7 

0.6 

- 

1 

50 

1.9 

1.2 

1.2 

1.3 

0.6 

1.3 

0.6 

- 

51 

1.9 

4.1 

4.7 

4.5 

2 

3.7 

2.5 

1.9 

1.7 

52 

") 

0.5 

3.3 

3.5 

3.2 

1.4 

2.8 

2.3 

1.5 

0.7 

53 

1  1.4 

3.5 

14.7 

17.8 

15.7 

7.5 

13.7 

15.3 

7.1 

7.X 

54 

3.1 

19.1 

33.7 

26.4 

29.9 

22.8 

37.9 

36.6 

X.3 

24.4 

ss 

1.6 

6.9 

48.9 

40 

37.2 

20.9 

32.3 

35.9 

10.8 

12.8 

56 

0.6 

5.1 

3.9 

3.7 

1.8 

3 

3.7 

1.7 

1.8 

57 

7.5 

0.6 

1.2 

2.8 

1.2 

2.1 

3.3 

- 

0.9 

58 

1 

- 

- 

- 

- 

63 

2.3 

1 

1 

l.l 

0.6 

1.3 

0.7 

- 

- 

65 

5.4 

0.6 

5.6 

5 

4.7 

2.7 

5.2 

4.3 

1.4 

2.5 

66 

6.2 

0.7 

1 1.2 

7.5 

5.5 

3.5 

9.4 

6.5 

3 

2.2 

67 

39.6 

3.7.2 

58.2 

48.7 

31.1 

18.8 

49.7 

71.1 

31.4 

21.8 

68 

31.7 

1.8 

39 

40.6 

31.7 

15.4 

31.7 

25.6 

12.3 

8.3 

60 

1  1.1 

- 

5.3 

5.1 

4.9 

2 

4.3 

15.6 

11.3 

1 1.7 

70 

0.6 

- 

0.6 

- 

- 

0.6 

0.9 

0.8 

1 

77 

6.4 

6.6 

7.1 

4.4 

4.7 

4.4 

2.7 

3.5 

78 

1.8 

- 

1.3 

1.5 

3.6 

1.6 

2.8 

1.4 

- 

0.7 

79 

2.8 

2.5 

7.5 

5.7 

9.2 

5.2 

9.7 

10.3 

3.6 

5.4 

80 

3.7 

0.6 

5.4 

7.2 

7.8 

6.4 

8.8 

9.1 

7.2 

6.2 

XI 

10.6 

9.7 

1  (K) 

too 

94.2 

56.2 

53.6 

90.9 

100 

81.2 

82 

7.1 

11.3 

35.1 

10.7 

10.2 

7.4 

7.6 

65.6 

22.2 

16 

83 

3.9 

2.9 

9.4 

6 

6.2 

5.7 

9.2 

9 

2.1 

1.1 

85 

19.7 

- 

- 

- 

- 

- 

- 

- 

- 

- 

86 

1.7 

- 

- 

- 

- 

- 

- 

- 

- 

- 

91 

- 

- 

3.4 

2.8 

2.5 

1.7 

2.2 

2.3 

1.5 

1.3 
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ruble  6  U  un/i/iiutJ ) 


Mkvl 

C'5 

06 

C6  M 

2M06 

3M06 

4M06 

07 

0611 

21406 

41-406 

MW 

166 

180 

194 

194 

194 

194 

194 

208 

208 

208 

rn/z 

92 

- 

0.8 

- 

93 

~f 
r  i 

1.5 

1.7 

l.l 

1.2 

2.5 

1 

94 

- 

2.3 

1.4 

1.8 

l.l 

0.8 

95 

1  1.8 

1  1.8 

13.3 

9 

7.6 

18 

13.9 

10 

96 

48.3 

58.3 

41.1 

24.8 

24.8 

1.4 

- 

0.7 

97 

9.9 

14.1 

1  l.l 

6.6 

7.7 

9X 

8.5 

1.1 

4.6 

8.3 

8.7 

8 

12.3 

7  7 

2.5 

2.4 

99 

1(H) 

100 

72.4 

73 

1(H) 

1(H) 

1(H) 

1(H) 

40.3 

1(H) 

100 

2.8 

1 

7 

1.4 

2.4 

2.4 

2.6 

2.1 

1.7 

101 

0.9 

0.7 

O.X 

0.7 

0.8 

0.7 

108 

0.9 

0.7 

0.6 

109 

0.8 

3 

1.6 

7 

1  10 

34.1 

38.3 

23 

1  1  1 

1.7 

- 

6.9 

6.1 

2.9 

112 

- 

29.9 

113 

- 

7  7 

1.2 

123 

0.7 

- 

- 

124 

2.3 

- 

0.6 

l.l 

- 

- 

125 

7.4 

0.8 

6.9 

3.3 

2.1 

6 

1.6 

2.3 

0.8 

126 

- 

- 

- 

1.5 

- 

- 

137 

11.1 

2.6 

3.5 

1.6 

1.8 

8.2 

1.2 

- 

138 

3 

0.8 

- 

2.6 

2 

- 

0.6 

151 

0.6 

1.2 

- 

1 

- 

- 

C5 

cyclopentyl 

C6 

cyclohexyl 

C6M 

cyclohexylmelhyl 

2MC6 

2-methylcyclohexyl 

3MC6 

3-methylcyclohexyl 

4MC6 

4-methylcyclohexyl 

07 

cycloheptyl 

C6Et 

2-(cyclohexyl)ethyl 

2EtC6 

2-ethylcyclohexyl 

4Et06 

4-ethylcyclohexyl 
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table  ~  Mass  spectral  data  (in  relative  intensity)  <>t  eveloalkvl  methylphosphonofluorUkues 


Alkyl 

22DMC6 

26I4MC6 

35DMC6 

C8 

C6Pr 

2il’r5MC6 

4lBuC6 

MW 

208 

208 

208 

208 

222 

236 

236 

m /: 

2  b 

l.l 

0.7 

0.9 

21 

8.6 

9.1 

7.4 

1  1.9 

3 

7 

8.1 

2b 

8.1 

8.9 

8.5 

1  1.6 

3 

6.5 

13.2 

31 

2.3 

0.8 

4.8 

5 

0.6 

0.6 

38 

0.9 

0.6 

- 

0.9 

- 

1.1 

39 

20.5 

15.8 

13.9 

28.2 

6.9 

9.4 

15.8 

40 

4.5 

3.5 

3.1 

4.9 

1.4 

1.9 

3 

41 

32.8 

26.3 

24.5 

49.1 

16.2 

23.9 

43.1 

42 

3.8 

3.1 

3.X 

6.1 

2.6 

2.5 

3 

43 

6.9 

2.9 

3.3 

4.1 

1.4 

8.5 

6.2 

47 

5.2 

2.3 

7.2 

8.1 

1.2 

1.2 

1.2 

4S 

0.7 

- 

1.6 

1.8 

50 

1.4 

0.6 

1.5 

1.8 

0.6 

1.9 

51 

4.8 

2.6 

2.7 

4.1 

1.6 

2.1 

4.6 

52 

2.7 

1.5 

1.9 

4.9 

1.1 

1.8 

3.3 

53 

15.9 

10.2 

9.3 

15.7 

5.6 

8.6 

10.6 

54 

1  1.4 

8.5 

3.7 

65.9 

9.2 

4.8 

9.6 

55 

26.5 

25 

23.4 

28.2 

23.9 

22.5 

12.9 

56 

7.9 

3.6 

3.2 

8.2 

1.4 

3 

10.8 

57 

1.2 

2 

1 

2.4 

0.8 

4.7 

MX) 

5S 

- 

- 

- 

- 

4.7 

63 

1.8 

0.7 

1.8 

2.3 

0.6 

- 

l.l 

64 

- 

- 

0.6 

0.7 

- 

- 

- 

65 

7.6 

3.6 

4 

5.6 

2.4 

3.4 

4.1  ; 

66 

17.5 

2.6 

4.5 

10.7 

3 

1.7 

3.1 

67 

77 

34 

31.9 

98.2 

32.7 

32.4 

40.5  | 

68 

40.9 

25.5 

42.1 

47.7 

12.6 

12.4 

3.9  | 

69 

39.1 

12.9 

19.9 

27.7 

4.1 

9.2 

15.4 

70 

2.1 

0.7 

1.1 

1.5 

- 

1.5 

3.6  | 

71 

0.5 

0.5 

0.9 

0.5 

- 

- 

1.8  j 

77 

I  1.8 

5.1 

6.2 

6.6 

4.4 

5.9 

11.6 

78 

2.7 

0.6 

5.7 

7.3 

2.1 

1.8 

9.7 

79 

9.6 

2.3 

2.5 

3.1 

1  l.l 

9.6 

24 

80 

12.6 

4 

15.4 

24.7 

5.8 

7 

36.7 

I  SI 

60.3 

33.3 

28.2 

80.5 

58.2 

67.8 

38.2 

82 

86.1 

26.1 

15.1 

90.6 

36.4 

25.6 

32.3 

83 

19 

4.6 

24.1 

33.9 

19.1 

10.4 

9.1 

84 

- 

- 

- 

- 

1 

0.8 

3.8 

91 

9 

.3.7 

6.2 

2.8 

4.9 

5 

7.6 

r  NO  report 
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table  7 

Alkyl 

l  continued) 

22H.WC6 

26DMC6 

35PMC6 

C8 

C6Pr 

2iPr5MC6 
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4lBu(  6 

MW 

208 

208 

208 

208 

222 

236 

236 

rn/z 

92 

1.1 

0.6 

0.9 

0.4 

1.2 

1.2 

1.5 

93 

1 1.3 

3.9 

6.2 

2.1 

3.6 

6.4 

4.1 

94 

2.4 

1.1 

1.2 

3 

10.4 

2.2 

95 

100 

100 

1  ( K) 

34.6 

15.4 

1(H) 

1 1.2 

99 

1  1.8 

12.6 

10.7 

2.4 

49.1 

21.5 

5.4 

97 

0.5 

3.3 

2.7 

1.6 

98 

14.3 

3.2 

28 

34.9 

i  i 

3.3 

3 

99 

61.4 

35 

62 

1(8) 

1(H) 

33.6 

56.2 

100 

1 

0.5 

1.1 

1.7 

1.4 

0.7 

103 

0.5 

0.8 

105 

0.6 

0.9 

1.1 

1 

2.3 

107 

0.8 

- 

0.7 

0.5 

2.2 

1.4 

2 

108 

0.7 

1.7 

1 

109 

6.4 

3.3 

7.9 

2.5 

3.4 

8.1 

1.6 

no 

64.8 

38.3 

44.4 

5 1 .5 

2.5 

2 

1 1  i 

14.5 

6.6 

6.3 

9 

2.8 

112 

0.9 

0.5 

- 

- 

115 

- 

0.6 

0.9 

- 

0.6 

117 

- 

- 

1.3 

- 

0.6 

118 

- 

1 

- 

- 

1 19 

- 

1.5 

- 

0.8 

5.1 

120 

- 

- 

1.1 

- 

0.7 

121 

- 

- 

1.6 

3.4 

122 

- 

- 

- 

3.5 

- 

0.7 

123 

- 

- 

1.3 

39.7 

20.8 

124 

0.5 

- 

- 

0.8 

17.1 

3.8 

2.2 

125 

9.7 

- 

1.9 

9.9 

1.7 

1.3 

! 

127 

- 

- 

- 

0.7 

- 

- 

; 

134 

- 

- 

- 

- 

- 

1.8 

136 

- 

- 

- 

- 

1.1 

2.6  , 

137 

2.6 

- 

- 

6.9 

- 

1.2 

0.7 

138 

0.8 

0.9 

- 

2.1 

- 

44 

18.6  i 

139 

- 

0.5 

- 

0.5 

0.6 

5.4 

1.9  j 

151 

- 

0.8 

0.7 

1.2 

- 

- 

j 
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22DMC6 

26DMC6 

35DMC6 

C8 

C6Pr 

2iPr5MC6 

4tBuCf) 
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2,2-dimethylcyclohexyl 

2,6-dimethylcyclohexyl 

3.5-dimethyleyclohexyl 

cyclooctyl 

3- (cyclohexyl)propyl 

2-isopropyl-5-methylcyclohcxyl  (menthyl) 

4- t-hutylcyclohexyl 
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